Expression of Snail transcriptional factor is a determinant in the acquisition of a mesenchymal phenotype by epithelial tumor cells. However, the regulation of the transcription of this gene is still unknown. We describe here the characterization of a human SNAIL promoter that contains the initiation of transcription and regulates the expression of this gene in tumor cells. This promoter was activated in cell lines in response to agents that induce Snail transcription and the mesenchymal phenotype, as addition of the phorbol ester PMA or overexpression of integrin-linked kinase (ILK) or oncogenes such as Ha-ras or v-Akt. Although other regions of the promoter were required for a complete stimulation by Akt or ILK, a minimal fragment (À78/ þ 59) was sufficient to maintain the mesenchymal specificity. Activity of this minimal promoter and SNAIL RNA levels were dependent on ERK signaling pathway. NFjB/p65 also stimulated SNAIL transcription through a region located immediately upstream the minimal promoter, between À194 and À78. These results indicate that Snail transcription is driven by signaling pathways known to induce epithelial to mesenchymal transition, reinforcing the role of Snail in this process.
Introduction
Cell-cell adhesion mediated by E-cadherin is required for the correct formation of embryonic epithelia and for the maintenance of epithelial tissue architecture in adult organisms (Vleminckx and Kemler, 1999) . Downmodulation of E-cadherin expression is necessary for the correct development of the embryo and is also observed during later stages of tumorigenesis (Thiery, 2002) . This downregulation of E-cadherin is accompanied by loss of epithelial characteristics and acquisition of mesenchymal properties, a process often referred to as epithelial-to-mesenchymal transition (EMT) (Thiery, 2002) . Control of E-cadherin gene transcription is the main mechanism to account for downregulation of this protein. Several transcriptional factors have been shown to directly repress the expression of E-cadherin and promote the acquisition of a mesenchymal phenotype (Batlle et al., 2000; Cano et al., 2000; Grooteclaes and Frisch, 2000; Comijn et al., 2001; Pe´rez-Moreno et al., 2001; Hajra et al., 2002; ConacciSorrel et al., 2003) . Among them, the relevance of Snail in this process has been highlighted by different experimental approaches. Mice deficient in expression of Snail fail to downregulate E-cadherin levels and to complete gastrulation (Carver et al., 2001) . Moreover, interference with Snail expression leads to increased levels of E-cadherin (Batlle et al., 2000; Poser et al., 2001; Fujita et al., 2003) .
The mechanisms governing the expression of Snail in mammalian cells are starting to be identified (Nieto, 2002) . Data from embryogenesis indicate that Snail expression is controlled by Dorsal/NFkB and FGF receptor (Ip et al., 1992; Ciruna and Rossant, 2001) . Moreover, upregulated expression of Snail gene has been detected in several experimental conditions in which cells are forced to adopt a mesenchymal phenotype (Spagnoli et al., 2000; Tan et al., 2001; Gotzmann et al., 2002; Grille et al., 2003; Peinado et al., 2003; Ya´n˜ez-Mo et al., 2003) . In order to study the precise factors that regulate the expression of Snail, we have isolated and characterized a human Snail promoter (SNAIL) and have demonstrated that it responds to signals inducing EMT. For this goal, we have used several cell systems where this transition can be induced: (1) IEC-18 cells overexpressing an activated form of the integrin-linked kinase (Novak et al., 1998) or Ha-ras oncogene; (2) HT-29 M6 expressing an activated form of cPK-Ca (cPK-Ca( þ )) (Batlle et al., 1998) ; and (3) SCC15 cells transfected with v-Akt oncogene (Grille et al., 2003) . In all these four cell systems, transfection of the indicated genes caused a remarkable change in phenotype, the acquisition of increased invasiveness and motility, loss of E-cadherin and upregulation of mesenchymal-specific genes (Batlle et al., 1998; Novak et al., 1998; Grille et al., 2003; and data shown below) . We show here that these four conditions increase the levels of Snail and the activity of the SNAIL promoter.
Results
In order to determine the factors that directly regulate Snail expression, we have isolated and characterized a human SNAIL promoter. Two fragments of about 900 and 1600 bp of genomic DNA situated 5 0 -upstream of the SNAIL cDNA were cloned. The transcription start site was determined using amplification of 5 0 cDNA ends (RACE) and RNA isolated from SW-620 and Mia-Paca-2 cells, two cell lines with high levels of SNAIL mRNA (Batlle et al., 2000) . As observed in Figure 1a , a major fragment of approximately 420 bp was amplified using an oligonucleotide corresponding to þ 276/ þ 296 with respect to the translation start. Sequencing of this fragment indicated that the 5 0 -CGCAAT-3 0 were the last bases of the cDNA that were amplified; therefore, the initiation of transcription was identified as an Adenosine placed at À80 with respect to the A of the ATG. Accordingly, our promoter constructions were renamed À1558/ þ 92 and À869/ þ 59 (Figure 1b) .
These two constructions presented a comparable activity, although À1558/ þ 92 was a little more active on most of the cell lines studied. In order to further study the regulation of this promoter, several deletion mutants were prepared and analysed in MiaPaca-2 and SW-620, two cell lines with a mesenchymal phenotype and high expression of SNAIL mRNA. Progressive elimination of 5 0 upstream sequences did not greatly affect the activity of the promoter; on the contrary, À125/ þ 59 promoter presented a slightly higher activity than the À869/ þ 59 promoter (Figure 2 ). Accordingly, in both cell lines, fragments comprising À125 or À78 to þ 59 presented the highest activity. Further deletions (i.e. those existent in À29/ þ 59 or À78/À29 fragments) greatly affected the promoter activity (Figure 2 ). Therefore, the sequence À78/ þ 59 was denominated as the minimal SNAIL promoter.
The activity of the SNAIL promoter (À869/ þ 59) was different in cells with mesenchymal or epithelial phenotypes. As expected, cell lines with high SNAIL expression (SW620, MiaPaca-2) show higher activity than cells with low expression (HT-29 M6, SW480 ADH) (data not shown). This different activity was also observed for the SNAIL minimal promoter (À78/ þ 59). In order to study SNAIL promoter elements conferring mesenchymal specificity, cellular systems in which the EMT could be induced were used. IEC-18 cells transfected with ILK-1 or Ha-ras presented downregulated expression of E-cadherin, and higher levels Figure 1 General organization of SNAIL human promoter. Two fragments of human DNA situated 5 0 -upstream of the SNAIL coding sequence were amplified as described in Materials and methods. (a) The initiation of transcription was determined using RACE and 1 mg of RNA from SW620 or MiaPaca-2 cells; the amplified fragments were analysed in agarose gels and the bands visualized with ethidium bromide (lanes 1 and 5). Following the instructions of the manufacturer, human placental RNA and an oligonucleotide corresponding to transferrin receptor were used as positive controls (lane 7). Lanes 2 and 6 correspond to controls where no RNA was added and lanes 3 and 4 to molecular weight markers. The two bands present in lanes 1 and 5 were isolated and sequenced; the sequence is shown in the inset. In bold, the sequence corresponding to the cDNA; the rest of the nucleotides are G and C added by the polymerase (in italics) and the first nucleotides of the oligonucleotide used in the assay. The sequence of the largest promoter is presented in (b), indicating the subfragments that have been used in this study (arrowheads) , and the SNAIL minimal promoter (underlined). The initiation of transcription is marked with an arrow and the initiation of translation, double underlined of mRNAs corresponding to the mesenchymal gene fibronectin than control IEC-18 cells, as detected by RT-PCR analysis (Figure 3a ). A4 cells, a clone of HT-29 M6 constitutively transfected with cPK-Ca( þ ), also showed lower E-cadherin RNA levels and increased amounts of RNAs corresponding to fibronectin (Figure 3a) .
We analysed the levels of RNAs corresponding to Snail and other transcriptional factors also involved in Ecadherin repression. Upregulation of Snail and Zeb1 RNAs were detected in the four cell systems (transfection of ILK or Ha-ras to IEC-18 cells or cPK-Ca( þ ) to HT-29M6) by semiquantitative RT-PCR (Figure 3b) . No changes were observed in Slug or Zeb2 transcripts (Figure 3b ).
Another cell system was also used. We have recently reported that v-Akt expression in SCC-15 cells induce EMT (Grille et al., 2003) . E-cadherin expression was downregulated in these cells, at the same time that SNAIL expression was induced (Grille et al., 2003) .
As observed, these four conditions (overexpression of Ha-ras, ILK-1, cPK-Ca( þ ) or v-Akt) stimulated significantly the activity of À869/ þ 59 SNAIL promoter ( Figure 4a ). Activities of two ZEB1 and SLUG promoters were also studied in control or Ha-ras and ILK-1-transfected IEC cells. As expected, ZEB1 promoter activity was increased in cells showing upregulation of the transcript of this gene, whereas SLUG promoter was not significantly modified ( Figure 4c ).
The activity of the minimal À78/ þ 59 SNAIL promoter was increased in cells that experimented the EMT to a very similar extent as that of the À869/ þ 59 promoter; only in the case of ILK-1 or v-Akt, the difference between the activation of both promoters was significant, indicating that sequences other than those present in the minimal promoter were contributing to the activation ( Figure 4a ). Activation of cPK-Ca by addition of the phorbol ester 12-myristate 13-acetate (PMA) to RWP-1 (Figure 4b ), SW480 or HT-29 M6 cells (not shown) also stimulated SNAIL promoter activity. This effect was observed even in MiaPaca-2 cells that presented high expression of Snail, demonstrating that the activity of this promoter is not saturated in these cells. Stimulatory effects of PMA were very similar on À869/ þ 59 and À78/ þ 59 promoters ( Figure 4b ). Therefore, these data suggest that minimal SNAIL promoter contains most of the elements responsible for specificity of expression to invasive tumor cells.
In order to verify this hypothesis, gel-retardation analysis were performed in two different cell systems: HT-29 M6 and cPK-Ca( þ )-transfected A4 cells, and IEC-18 and IEC-18 ILK-1 cells, using an oligonucleotide probe corresponding to À74/À1 sequence of SNAIL promoter. As observed in Figure 5 , modifications in the pattern of shifted bands were observed in both cellular systems with respect to the control, indicating different binding of factors to this element. However, specific retarded bands were not the same in both cellular systems, suggesting that activation of this promoter can be achieved through distinct mechanisms in IEC-ILK and A4 cells.
Activation of ERK2 kinase and phosphatidylinositol-3-kinase (PI3K)/Akt pathways has been shown to be Figure 3 Ha-ras, ILK-1, and PK-Ca expression in IEC or HT-29 M6 cells increase Snail RNA levels. RNA was isolated from the indicated cell lines and levels of fibronectin, E-cadherin, or Ecadherin-repressors were determined by semiquantitative RT-PCR as described. Cyclophylin and actin were used as controls in human or rat cells, respectively Bates and Mercurio, 2003; Grille et al., 2003; Peinado et al., 2003) . We checked the relevance of these two pathways in our experimental conditions. No effects of LY294002 (Figure 6a ) or wortmanin (not shown), two widely used PI3 kinase inhibitors, were observed either on Snail promoter constructs or Snail transcript levels (data not shown) on most cell lines examined on a broad range of concentrations. Only in IEC-ILK cells, a slight effect of LY294002 was detected when concentrations of 30 mM of this inhibitor were used. This effect was only observed on the À869/ þ 59 promoter (Figure 6a ). On the contrary, two MEK1/2 inhibitors (PD98509 and UO126) significantly affected the activity of all SNAIL promoters at doses normally used (50 and 20 mM, respectively). PD98509 decreased similarly the activity of À869/ þ 59 and À78/ þ 59 promoters in tumor cells with high activity of these promoters, as SW620 cells or MiaPaca-2 cells, either basal or after stimulation by PMA (Figure 6a ). UO126 also repressed the activity of both promoters in MiaPaca-2 cells. On the contrary, SB203580, an inhibitor of p38 kinase, at concentrations up to 10 mM did not modify the activity of the promoters, indicating that the ERK pathway, and not p38, selectively affects SNAIL transcription. As expected, the activity of both promoters in A4, IECHa-ras and IEC-ILK cells was also affected by PD, although IEC-ILK cells seem to be less sensitive to the inhibitor and required concentrations of 100 mM (Figure 6a ). Concomitant effects of the inhibitor on SNAIL transcript levels were detected by RT-PCR in Miapaca-2 and SW620 cells (Figure 6b ). SNAIL RNA levels were also sensitive to this inhibitor in PMAinduced MiaPaca-2 cells or A4 cells (Figure 6b ).
These results suggest that ERK pathway is involved in the activation of Snail minimal promoter. To confirm this result, we used a constitutively activated mutant of MEK (MEK-E) that has been previously used to mimic activation of this pathway (Coso et al., 1995; Ajenjo et al., 2000) . As shown in Figure 6c , transfection of this MEK mutant MEK (MEK-E) significantly stimulated the activity of SNAIL minimal promoter in a doseresponse manner. As expected, MEK-E also upregulated the À869/ þ 59 SNAIL promoter (not shown).
We also checked if SNAIL promoter was sensitive to NF-kB, since Dorsal is involved in the activation of the transcription of this gene during embryo development (see Introduction). Activity of SNAIL promoter fragments was stimulated by cotransfection of p65 NF-kB subunit or a chimeric Rel-Vp16 protein that contains the DNA-binding domain of p65 fused to a VP16 transactivation element (Figure 7a and b ). An inactive form of this factor was not able to stimulate the activity of this promoter. Whereas À194/ þ 59 fragment responded very similarly to these activators than the À869/ þ 59 promoter, À78/ þ 59 did it to a very low extent, indicating that sequences involved in the response to this pathway are present between À194 and À78. Activation of À125/ þ 59 promoter was intermediate, suggesting that more than one sequence contributes to the stimulation. Concomitantly to these experiments, transfection of p65 also upregulated the endogenous levels of SNAIL RNA (Figure 7c ). 
Discussion
In this report, we describe the characterization of a human SNAIL promoter with the appropriate specificity for mesenchymal cells. We identified the transcription start site that is different from that mentioned by other authors (Paznekas et al., 1999) who placed it 55 bp 5 0 upstream. Alternative initiation sites were not detected Figure 6 Snail transcription is dependent on ERK pathway activity. Cell lines were incubated with PD98059 (PD) (50 mM, gaey bars; or 100 mM, white bars) (PD), U0126 (20 mM), SB203580 (10 mM), LY294002 (30 mM) or vehicle (DMSO) for 20 h. When indicated, PMA was added at the same time as the inhibitor. The activity of promoter (a) was determined as above. Transcript levels of the indicated genes (b) were determined as in Figure 3 . The number of cycles for amplification of SNAIL was 27 for MiaPaca-2, and 30 for A4 and SW-620 cells. (c) MEK activates SNAIL promoter. Activity of the indicated SNAIL promoters was determined in cells transfected with increased concentrations of a constitutively activated form of MEK-1 (MEK-E) (kindly provided by Dr P Crespo, CSIC, Madrid, Spain) or with empty plasmid upstream of that observed. In any case, it is worth mentioning that the presumable length of the 5 0 UTR calculated with the new transcription site (80 bp) fits much better with that determined in Xenopus (33 bp) (Mayor et al., 1993) than that previously suggested. We also want to correct our denomination of SNAIL promoter in a previous report (Tan et al., 2001) ; fragments named À812/ þ 116 and so on according to the initiation of transcription indicated by Jabs and coworkers (Paznekas et al. 1999) correspond to À869/ þ 59.
Analysis of the activity of the fragments evidenced that a minimal promoter consisting in a À78/ þ 59 sequence presents an activity comparable with the largest fragments. This minimal promoter lacks a TATA box as observed in snail promoters in other species (Mayor et al., 1993; Peinado et al., 2003) . As many TATA-less promoters, the Snail minimal promoter can bind Sp1 (IP and AGH, unpublished observations), a factor that has been considered as a constitutive transcriptional activator for this type of promoters. The activity of this minimal promoter is increased in cells forced to experiment an EMT, suggesting that it contains most of the elements required to stimulate Snail transcription during this process. Only the sequence responsive to NF-KB seems to be situated upstream this minimal promoter, between À194 and À78. The presence of all these elements in such a small fragment in the SNAIL human promoter is in accordance to previous results obtained with Xenopus Sna promoter, where DNA sequences sufficient for expression were located also in a short region (between À160 and À45) (Mayor et al., 1993) . However, our results do not exclude that 5 0 upstream elements may play a role, either in cell lines other than those used in this work, or in the 'in vivo' situation, where the promoter is properly packed in the chromatin.
A Snail retrogene has been characterized in human genome, integrated in chromosome 2q33-q37 (Locascio al., 2002) . This retrogene contains approximately 230 bp upstream the translational start. When compared with SNAIL promoter, the retrogene SNA1P include À162/ þ 59 sequence, except a little deletion between bp À56 to À44 (both included). According to our results, this fragment can function as an active promoter and direct the expression of SNA1P. This can explain why expression of SNAIP retrogene has been observed in different tissues (Locascio et al., 2002) . However, the lack of sites of alternative initiation of transcription at À162 or upstream leaves the question of the generation of this retrogene still unexplained.
As indicated above, Snail is a potent repressor of E-cadherin transcription and an inductor of EMT (Batlle et al., 2000 , Cano et al., 2000 Nieto, 2002) . Although Snail activity can also be regulated posttranslationally , transcription of Snail is normally contrary to that of E-cadherin and is detected in cells that have lost epithelial characteristics. In this report we show that, concomitantly with the loss of E-cadherin and the acquisition of mesenchymal phenotype, cells express Snail and activate its promoter. Activation of Snail transcription requires an active ERK pathway; the ERK-sensitive element is localized in the minimal promoter since this fragment is sensitive to MEK inhibitors. Previous experimental data indicated that ERK pathway was either necessary for mesodermal gene induction during development (Christen and Slack, 1999; Yao et al., 2003) or for the full EMT induced by cytokines and other stimuli in tumor cell lines (Ellenrieder et al., 2001; Grande et al., 2002; Janda et al., 2002; Bates and Mercurio, 2003; Peinado et al., 2003) . Our results further support this idea, indicating that expression of Snail gene, a key determinant in the acquisition of this mesenchymal phenotype, is critically responsive to the activation of this pathway. Accordingly, Snail has been classified as an immediate early gene dependent on receptor tyrosine kinase activation and cycloheximide addition in fibroblasts (Fambrough et al., 1999) . However, our data suggest that some other signals seem to be also needed, since an activated form of MEK is not able to stimulate the minimal Snail promoter to the levels obtained in mesenchymal cells. The characterization of these additional signals acting on the À78/ þ 59 promoter is currently under investigation, although several results, as of our gel shift analysis, suggest that binding of a putative repressor is not present in Snailpositive cells. The possibility that this repressor may be the MTA3 transcriptional factor described by Wade and co-workers (Fujita et al., 2003) is an interesting matter that deserves further study.
Another signaling pathway that has been related to Snail expression is that requiring PI3K activation. Our results do not suggest a major involvement of this pathway in the activation of Snail transcription in most of the tumor cell lines, but we cannot discard that it might contribute to Snail expression in some cell lines, since in some cell lines (IEC-ILK, SCC15-Akt) additional sequences other that those present in the minimal promoter seem to be necessary for the full stimulation of Snail promoter.
As we have shown in this article, Snail transcription is activated in four cell systems where an EMT was induced transfecting different genes. Concomitantly with this process, and with the upregulation of the mesenchymal marker fibronectin and the downregulation of E-cadherin, changes were detected in Snail mRNA levels, as well as in the Snail-sensitive gene Zeb1. No systematic modifications in Slug or Zeb2 levels were observed. However, we cannot exclude that increases in these two transcriptional factors may also be important for EMT in cells with a different genetic background, either cooperating with Snail, as in the case of Zeb2, or being responsible for the downregulation of E-cadherin in certain circumstances, as those previously described (Conacci-Sorrel et al., 2003) .
Materials and methods

Cell culture
The generation of SCC15 cell transfected with v-Akt (Grille et al., 2003) or IEC-18 cells transfected with wild-type ILK-1 (Novak et al., 1998) has been previously described. IEC-18 transfected with an activated version of Ha-ras (Val12-mutant, in pCEFL) was a kind gift of Dr HG Pa´lmer, Instituto de Investigaciones Biome´dicas, CSIC, Madrid. The characterization of A4 cells, an HT-29 M6 clone transfected with an activated form of cPK-Ca, has been previously reported (Batlle et al., 1998) . Other human cell lines SW480, SW620, MiaPaca and RWP1 come from our institute Cell Bank. All cells were grown in Dulbecco's modified Eagle's medium (D-MEM; Life Technologies) containing 10% fetal calf serum (Biological Industries) and the standard supplements. When indicated, cells were supplemented with phorbol 12-myristate, 13-acetate (PMA) (from Sigma) (100 nM), with the mitogen-activated protein kinase kinase (MEK) 1/2 inhibitors PD98059 (50 mM) or U0126 (20 mM), with the p38 kinase SB203580 (10 mM), or with the phosphatidyl inositol-3 kinase inhibitor LY294002 (30 mM) (all from Calbiochem). Control cells were supplemented with the equivalent volume of vehicle (dimethyl sulfoxide).
Analysis of transcripts
Reverse transcription coupled to polymerase chain reaction (RT-PCR) analysis from 0.5-1 mg of isolated total RNA was performed using SuperScript One-Step RT-PCR with Platinium Taq polimerase (Gibco). The primers and conditions for analysis of hs ZEB1 (GenBank accession number U12170), hs ZEB2 (AB011141), hs SNAIL (NM005985), hs E-cadherin (CADH1, AB025106), hs fibronectin (X02761) and hs cyclophilin (BC005320) have been described (Guaita et al., 2002) . Same conditions than those mentioned for mm Snail were used for rn Snail (accession number XM230866). rn Slug transcript was amplified using oligonucleotides 5 0 -ATGCCGCGCTCCT TCCTCGTC-3 0 (sense) and 5 0 -GCTTTTCCCCAGTGTGTG TTC-3 0 (antisense) corresponding, respectively, to nucleotides 1-21 and 634-613 (respect to the translation start) of rat Slug (GenBank accession number AF497973); hs SLUG with oligonucleotides 5 0 -ATTCGGACCCACACATTACCTTG-3 0 (sense) and 5 0 -TGGAGAAGGTTTTGGAGCAGTTT-3 0 (antisense) corresponding, respectively, to nucleotides þ 696/ þ 718 and þ 918/ þ 896 (respect to the transcription start) of human Slug (GenBank accession number NM003068); and mm actin transcript, with oligonucleotides 5 0 -TGAAACAACATACAATTC CATCATGAAGTGTGAC-3 0 (sense) and 5 0 -AGGAGCGAT AATCTTGATCTTCATCATGGTGCT-3 0 (antisense) corresponding, respectively, to sequences 916-949 and 1090-1058 of murine actin (GenBank accession number BC049611). An annealing temperature of 551C was used for both genes; 35 cycles were performed for Slug analysis and 25 cycles for actin.
Cloning of SNAIL promoter and preparation of promoter constructs
Two fragments of human DNA situated 5 0 -upstream of the SNAIL coding sequence were independently amplified using HT-29 M6 and HCT-116 genomic DNA and oligonucleotides corresponding to sequences À949/À927 (with respect to the ATG) (sense oligo) and À21/À37 (antisense); and À1638/ À1608 (sense) and þ 12/À8 (antisense). These two fragments were cloned in the SmaI/HindIII sites of pGL3 (Promega). After determination of the initiation of transcription, these two promoters were named À869/ þ 59 and À1558/ þ 92. Progressive 5 0 deletions of the À869/ þ 59 promoter were generated by PCR, using the same antisense and different sense oligonucleotides including KpnI or BglII sites at the 5 0 end, and cloned at KpnI/HindIII or BglII/HindIII sites of pGL3. À78/À29 and À29/ þ 67 promoter fragments were generated from À78/ þ 67 by taking advantage of the presence of a restriction site for AflII at À29.
Cloning of ZEB1 promoter has been previously described (Guaita et al. 2002) . A SLUG promoter fragment (À616/ þ 207) was amplified using HT-29 M6 genomic DNA and oligonucleotides corresponding to sequences À616/À598 (sense) and þ 207/ þ 192 (antisense), with respect to the transcription start site mentioned in the human chromosome 8 sequence (accession number NT008183). Oligonucleotides included XhoI and HindIII sites for facilitating cloning of the fragment in pGL3. SLUG promoter sequence corresponded to that determined in human chromosome 8 between 1677141 and 1676328.
All amplifications were performed with high-fidelity Pfx Platinum polymerase (Invitrogen). Absence of mutations in all constructs was confirmed by sequencing.
Analysis of promoter activity
SNAIL promoter constructs, inserted in pGL3 plasmid, were cotransfected to the indicated cell lines with a pRTK-Luc (Promega), to normalize transfection efficiency. Firefly luciferase (Luc) and Renilla Luciferase (RLuc) activities were measured by using the Dual Luciferase Reporter Assay System (Promega) 48 h after transfection, according to the manufacturer's instructions. Luc activity was always normalized by RLuc activity. Duplicates or triplicates were systematically included and experiments were repeated at least three times.
Determination of the initiation of transcription
Initiation of transcription was determined using rapid amplification of 5-cDNA ends (RACE). RNA (1 mg) of SW-620 or MiaPaca-2 cells was subjected to RACE using the SMARTt-RACE kit from Clontech and a specific oligonucleotide corresponding to þ 276/ þ 296 sequence (with respect to the translation start) of SNAIL. The amplified fragments were analysed in agarose gels and the bands visualized with ethidium bromide, isolated and sequenced. Following the instructions of the manufacturer, human placental RNA and an oligonucleotide corresponding to transferrin receptor were used as positive controls.
Gel retardation assays
Assays were performed essentially as previously described (Batlle et al., 2000) using nuclei isolated from IEC-18, IEC-ILK1, HT-29 M6 and A4 cells, and a 32 P-labelled doublestranded oligonucleotide corresponding to the À74/À1 sequence of human SNAIL promoter.
